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Plants are commonly listed as invasive species, presuming that
they cause harm at both global and regional scales. Approximately
40% of all species listed as invasive within Britain are plants.
However, invasive plants are rarely linked to the national or global
extinction of native plant species. The possible explanation is that
competitive exclusion takes place slowly and that invasive plants
will eventually eliminate native species (the “time-to-exclusion hy-
pothesis”). Using the extensive British Countryside Survey Data,
we find that changes to plant occurrence and cover between 1990
and 2007 at 479 British sites do not differ between native and
non-native plant species. More than 80% of the plant species that
are widespread enough to be sampled are native species; hence,
total cover changes have been dominated by native species (total
cover increases by native species are more than nine times greater
than those by non-native species). This implies that factors other
than plant “invasions” are the key drivers of vegetation change.
We also find that the diversity of native species is increasing in
locations where the diversity of non-native species is increasing,
suggesting that high diversities of native and non-native plant
species are compatible with one another. We reject the time-to-
exclusion hypothesis as the reason why extinctions have not been
observed and suggest that non-native plant species are not
a threat to floral diversity in Britain. Further research is needed
in island-like environments, but we question whether it is appro-
priate that more than three-quarters of taxa listed globally as in-
vasive species are plants.
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The Global Invasive Species Database (1) lists 3,163 plant
(Plantae) and 820 animal (Animalia) species as invasive be-

cause they “threaten native biodiversity and natural ecosystems”
in the regions to which they have been introduced. Given the
relative numbers of animal and plant species that have been
described (2–4), this implies that the per species likelihood of
being listed as invasive is ∼25 times higher for plants than for
animals. For the United Kingdom, 49 of 125 species (39%)
categorized as invasive in the same database are plants (1), and
a more detailed analysis included 102 plants in a list of 244
non-native species (∼42%, depending on taxonomic designations)
that have negative ecological or human effects in Great Britain
(5, 6). These numbers imply that non-native plants must be key
threats to biodiversity both globally and in Britain. It is surprising,
therefore, that examples of regional-scale or species-level extinc-
tions associated with invasive plants are apparently rare (7–12).
Most extinctions associated with introduced species have been

caused by invasive predators and diseases encountering “naïve”
prey and host species in distant and isolated parts of the world
(13–19). Putative examples of competitive exclusion in the in-
vasive species literature have usually turned out to be examples
of apparent competition, whereby the invading species is more
resistant than native species to a shared pathogen (17–19), rather
than traditional interference or exploitative competition. The
difference between the effects of invasive plants and those of
invasive predators and diseases could, however, simply be a
function of time; if non-native plants spread slowly but inexo-
rably, relatively short-term increases could drive regional or global

extinctions on centennial or millennial timescales. Introduced
plants have certainly contributed to vegetation change in many
isolated environments, such as the Hawaiian Islands and the
ecologically distinct fynbos vegetation in South Africa (10, 20–
22). They can also become abundant in some continental
regions, and hence they have the potential to alter ecosystems
and exclude native species over long periods of time (23–26). We
refer to the proposition that ongoing increases in the dis-
tributions and abundances of non-native plants will cause long-
term competitive exclusion of native plant species as the “time-
to-exclusion hypothesis”.
However, short-term and local gains by non-native species do

not automatically result in long-term and large-scale extinctions
of native species. Competition may be insufficient as a mecha-
nism to drive many or any native plant species extinct, other than
at a local scale (27, 28). A failure of competition to exclude
native species at regional or global scales could arise because
introduced plants deplete the resources they initially thrive on
and accumulate herbivores and diseases, which together apply
density-dependent control to introduced species before they can
exclude the native plants. In addition, native plants may have the
capacity to out-compete or coexist with the invaders, at least in
some local environments (29–33).
The time-to-exclusion hypothesis is difficult to test because

regional-scale and global exclusions are predicted to take place
far into the future. However, it is possible to evaluate two con-
ditions that need to be met if past introductions are likely to
cause future extinctions. First, non-native plant species that were
established in the past should be continuing to increase more
than native species. In contrast, if cover changes of native species
are larger than those of the non-natives, it implies that other
environmental drivers feature more strongly than biological
invasions in altering the composition of communities. Second,
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although individual non-native species may fail to cause exclu-
sion, this may be achieved through an increasing diversity of
aliens, leading to the prediction that changes in native diversity
will be negatively correlated with changes in the number of
non-native species. Britain provides an excellent testbed for
these predictions, partly because plant species have been intro-
duced for several thousand years, providing opportunities for
non-native species to spread and increase in numbers, and partly
because an extensive stratified random sample of plant species in
Britain (the British Countryside Survey) provides robust data to
address these two key issues.

Results
Plant Distribution Sizes. Native plant species dominate Country-
side Survey samples of the British flora: native species consti-
tuted 83% of the 636 plant species that were recorded in at least
one of the 479 study sites in 1990 (native = 529 species;
archaeophytes introduced up to 1500 = 60 species; neophytes
introduced after 1500 = 47) and 82% of the 677 species recorded
in 2007 (native = 553, archaeophyte = 68, neophyte = 56). The
apparent differences in species totals between years mainly re-
flect rare species only recorded in one site in one of the years
(Dataset S1). Native species formed 85% of the 531 species that
were recorded in at least one site in both years (native = 450,
archaeophyte = 51, neophyte = 30) and 89% of the 217 species
recorded in at least 10 sites in both years (native = 193,
archaeophyte = 16, neophyte = 8).
The 50 most widespread plant species, measured by frequency

of occurrence in sites in 2007, were all native species; only
seven non-native species were in the top 100 (Fig. 1). Of these
seven non-natives, three were neophytes (Veronica persica, Acer

pseudoplatanus, Brassica napus) and four were archaeophytes
(Capsella bursa-pastoris Alopecurus myosuroides, Geranium dis-
sectum, and Viola arvensis). The most widespread native species
Holcus lanatus (present in 330 sites in 2007) was much more
widespread than either the most widespread neophyte V. persica
(86 sites in 2007) or archaeophyte C. bursa-pastoris (62 sites in
2007) (Dataset S1). Native species and archaeophytes were
more widespread than neophytes, although native species and
archaeophytes did not differ significantly (Fig. 2A and Table 1).
Changes in numbers of occupied sites between 1990 and 2007

were numerically dominated by the native species, and the
largest absolute changes were by native species (Fig. 3A), which
might have been expected, given that more than 80% of the

Fig. 1. The number of sites (A) and mean percentage cover per site (B) of
the most widespread (A) and most abundant (B) native species (white
polygon with black outline), archaeophytes (gray bars), and neophytes
(black bars) recorded during the Countryside Survey in 2007. In A, 250 spe-
cies (native = 221, archaeophytes = 21, neophytes = 8) are shown. In B, 100
species (native = 92, archaeophytes = 2, neophytes = 6) are shown. Note that
the x axes have been truncated. In A, a further 427 species (native = 332,
archaeophytes = 47, neophytes = 48) were recorded in Countryside Survey
sites in 2007. These species were all recorded in ≤11 sites. In B, a further 171
species (native = 101, archaeophytes = 14, neophytes = 2) recorded in at
least 10 sites had mean cover of more than 0% in Countryside Survey sites in
2007. The mean cover of each of these species, per site, was ≤0.088%.

Fig. 2. The frequency of occurrence (A) and mean percentage cover per site
(B) of native species, archaeophytes, and neophytes in 1990 (gray boxes, left-
hand box of each species group) and 2007 (white boxes, right-hand box of
each species group). Only species recorded in at least 10 sites in each survey
year are included in each panel. Sample sizes (numbers of species) are provided
at the top of each box. Medians are represented by the horizontal black lines;
the top and bottom of each box are the 75th and 25th percentiles, re-
spectively; outliers are represented by hollow dots; and whiskers represent
data within 1.5 × interquartile range of the upper and lower quartiles.
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species considered were native. The frequencies of occurrence of
some species increased and others decreased over time, such that
there were no significant differences between the three plant
categories in the change in number of occupied sites [χ2 (2) =
4.29; P = 0.11; Fig. 3A and Dataset S1].

Plant Cover. Eleven non-native plant species were in the top 100
by plant cover, of which eight were the more recently introduced
neophytes (Fig. 1B and Dataset S1). The most abundant native
species Lolium perenne had a higher mean percentage cover per
site (mean cover in 2007 = 11.09%) than the most abundant
neophyte (Picea sitchensis, 2.36%) or the most abundant
archaeophyte (Castanea sativa, 0.17%); C. sativa only ranked
74th (six neophytes ranked ahead of it: P. sitchensis, B. napus,
A. pseudoplatanus, Lolium multiflorum, Picea abies, and Pinus con-
torta; Fig. 1B and Dataset S1). The median cover per neophyte
species was significantly greater than that of archaeophytes in
both years, and of native species in 2007 (Fig. 2B and Tables S1
and S2). Native species were more abundant than archaeophytes
in both surveys (Fig. 2B and Tables S1 and S2). Nonetheless,
almost all species of all three categories had very low cover
(<<1%; Dataset S1).
The majority of species (60%; n = 130: native = 114,

archaeophyte = 10, neophyte = 6) increased in cover between
the two periods; 48 species showed no change in cover (22%;
native = 43, archaeophyte = 5, neophyte = 0); and the cover of
39 species declined (18%; native = 36, archaeophyte = 1, neo-
phyte = 2). The largest declines and increases were of native
grasses: L. perenne (−1.88%), Nardus stricta (−0.28%), Poa
trivialis (+1.32%), and H. lanatus (+2.91%) (Dataset S1).
There were no significant differences among native species,

archaeophytes, and neophytes in terms of changes in plant cover

between 1990 and 2007 [Fig. 3B; χ2 (2) = 2.44; P = 0.30].
Summed across increasing plant species, 9.6 times as much cover
change is associated with increased cover of native species
compared with non-natives (sum cover change per quadrat per
site of natives = 17.47%, archaeophytes = 0.36%, neophytes =
1.46%). Native species continue to form the clear majority of
widespread and abundant species (Figs. 1 and 2) and to domi-
nate changes in abundance (Fig. 3B).

Diversity Changes. There was a significant positive relationship
between changes in the diversity (richness) of native and
non-native species in each site between 1990 and 2007 (Fig. 4),
suggesting no loss of native diversity with increasing non-native
diversity. Non-native species could potentially still contribute to
declines in native diversity in the subset of 235 sites that ex-
hibited a net loss of native species, so we repeated some of the
above analyses for this subset of sites. Within these sites, 73
species (65 natives, 5 neophytes, and 3 archaeophytes of 155
species that were recorded in 10 or more sites in both survey
years) increased in cover between surveys and could potentially
contribute to declines in native plant diversity. As in the data set
as a whole, the cover changes per species were not significantly

Table 1. Kruskal-Wallis χ2 (d.f.) tests comparing the number of,
and changes in, percentage cover (per quadrat per site) and
number of sites between native species, neophytes, and
archaeophytes

Response and species groups Test statistic

Number of sites (1990)
All groups χ2 (2) = 30.27, P < 0.0001
Native vs. neophyte χ2 (1) = 27.50, P < 0.0001
Native vs. archaeophyte χ2 (1) = 4.50, P = 0.03
Archaeophyte vs. neophyte χ2 (1) = 7.43, P = 0.006

Number of sites (2007)
All groups χ2 (2) = 25.60, P < 0.0001
Native vs. neophyte χ2 (1) = 24.39, P < 0.0001
Native vs. archaeophyte χ2 (1) = 2.04, P = 0.15
Archaeophyte vs. neophyte χ2 (1) = 9.31, P = 0.002

Cover (1990)
All groups χ2 (2) = 16.79, P < 0.001
Native vs. neophyte χ2 (1) = 4.45, P = 0.03
Native vs. archaeophyte χ2 (1) = 11.68, P < 0.001
Archaeophyte vs. neophyte χ2 (1) = 12.24, P < 0.001

Cover (2007)
All groups χ2 (2) = 13.85, P < 0.001
Native vs. neophyte χ2 (1) = 6.52, P = 0.01
Native vs. archaeophyte χ2 (1) = 6.30, P = 0.01
Archaeophyte vs. neophyte χ2 (1) = 14.97, P < 0.001

Change in number of sites
All groups χ2 (2) = 4.29, P = 0.11

Change in cover
All groups χ2 (2) = 2.44, P = 0.30

Significant differences between groups are highlighted in bold; Bonferroni
thresholds for P values for three-group comparisons and for pairwise compar-
isons were 0.025 (repeated tests in 1990 and 2007) and 0.0167 (three pairwise
comparisons), respectively.

Fig. 3. Changes in the frequency of occurrence (A) and mean percentage
cover per site (B) of native species, archaeophytes, and neophytes in 1990 (gray
boxes, left-hand box of each species group) and 2007 (white boxes, right-hand
box of each species group). Only species recorded in at least 10 sites in both
survey years are included in each panel. Sample sizes (numbers of species) are
provided at the top of each box. Medians are represented by the horizontal
black lines; the top and bottom of each box are the 75th and 25th percentiles,
respectively; outliers are represented by hollow dots; and whiskers represent
data within 1.5*interquartile range of the upper and lower quartiles.
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different between the three plant categories [χ2 (2) = 5.33; P =
0.07]. The greatest absolute cover increases in these 235 sites
were again by native species. The top five native species that
increased in cover were H. lanatus (+2.71%), P. trivialis
(+1.11%), Molinia caerulea (+0.94%), Trichophorum cespitosum
(+0.81%), and Juncus effusus (+0.67%). The three archae-
ophytes that increased in percentage cover between the two
surveys were Avena fatua (+0.13%), Anisantha sterilis (+0.07%),
and G. dissectum (+0.02%). The five neophytes that increased
were P. sitchensis (+1.14%), B. napus (+0.60%), A. pseudopla-
tanus (+0.15%), V. persica (+0.05%), and L. multiflorum
(+0.04%). For these “increasing” species in these 235 sites, the
sum of cover increases for natives it was 12.3% (n = 65 species),
for archaeophytes it was 0.22% (n = 3 species), and for neo-
phytes it was 1.98% (n = 5 species), indicating that total
increases by native species were 5.6 times greater than total
increases by non-native species.

Discussion
The time-to-exclusion hypothesis requires species that were in-
troduced a long time ago to continue to expand and become
more abundant over time, such that they might eventually drive
regional-scale extinctions of native species by competitive ex-
clusion. This was not the case in the present study. Changes in
the frequencies of occurrence (distribution) and average plant
cover (abundance) in a large, stratified random sample of the
British countryside provide no evidence that non-native plant
species continue to expand and increase in abundance, relative
to native species. Furthermore, native plant species diversity
increased in places where non-native plant diversity increased,
providing no support for the hypothesis that communities of
non-native species will eventually out-compete native plants.
This parallels the finding that increased numbers of non-native
plant species have established in the United States in locations
with high native species richness (34). Non-native species have
also increased in locations where humans have created novel
environments, particularly in urban environments (35), which
were not included in the Countryside Survey. For Britain, at
least, the non-native species have supplemented, rather than
excluded, the native flora.
Using repeat census field survey data for British plants from

1990 and 2007, we find that the sum total of area changes of

native plant species is an order of magnitude greater than the
changes to the abundances of non-native species, indicating that
native, rather than non-native, plant species dominate vegetation
changes. This strong influence of native species arises because
there are more native plant species (85% of the 531 plant species
recorded in at least one site in both surveys), and they tend to
be more widespread (Figs. 1A and 2A), rather than because
there were any fundamental differences in the population tra-
jectories of plants that arrived in Britain at different times in
the past. These same quadrats only detected 81 (<5%) non-native
plant species present in both survey years, of a total of 1,728
non-native plant species in the flora (36), emphasizing that most
non-native species remain too localized to have national-scale
effects on other species.
The behavior of neophytes and archaeophytes was in-

distinguishable from that of native species, measured as changes
in numbers of sites occupied and in changes in percentage cover
(Fig. 3 and Table 1). Some archaeophytes have continued to
spread, as required by the time-to-exclusion hypothesis, but
others have contracted and declined in abundance (Dataset S1).
Nonetheless, there were two differences between the three
groups of species. Native species and archaeophytes were more
widespread than neophytes, suggesting that increased time may
provide opportunities for range expansion (37), despite the fact
that recent rates of change do not differ (Fig. 3A and Table 1).
Second, the more recently established neophytes were more
abundant than archaeophytes and native species, in terms of
mean plant cover per species. The difference between neophytes
and native species can be attributed to direct management. Five
of the six most abundant neophytes are actively planted for wood
products (P. sitchensis, P. abies, P. contorta), vegetable oil
(B. napus), and grass forage (L. multiflorum), and hence their high
abundance is associated with continuing forestry and farming
interventions, rather than being cases of biological invasion after
their initial introduction.
When these five neophytes were excluded, native species and

neophytes no longer differed significantly in their average cover
(P = 0.05 for 1990; P = 0.26 for 2007), although the remaining
neophytes still had significantly greater cover than archaeophytes
in 2007 (P = 0.05 for 1990; P = 0.005 for 2007; the native/
archaeophyte analysis was unaffected; Table S1). Excluding
these five neophytes, there were still no significant differences
between the three groups of plants in their changes in abundance
or distribution (Table S2). These results indicate that there are
some differences in the histories and management of the three
groups of plants (which is clearly true, given their different times
of arrival in Britain), but that their recent performances (distri-
bution and abundance changes) have not differed.
Although the changes in frequencies of occurrence and

abundances were only recorded over a period of 17 years, this
duration was sufficient to detect a significant positive correlation
between diversity changes of native and non-native species, the
opposite of what might have been expected if non-native species
were in general causing declines in native diversity. Of course,
some non-native species become common in some locations, and
thereby alter the local flora, and there may be local implications for
conservation, but we find no evidence that non-native species drive
such changes at a national scale or that they do so any more than
native species. In fact, we find the reverse; cover increases by native
plants were greater than cover increases by non-native plants.
Whether our conclusions will apply to isolated and endemic-

rich floras requires further examination. The glacial history of
northern Europe may have resulted in incomplete saturation of
the present-day flora (38, 39), and hence an increased capacity to
assimilate new introduced species without driving native species
extinct. However, Britain is not exceptional in this. A consider-
able portion of the world’s land surface has undergone major
vegetation change since the last glacial maximum (40, 41), and

Fig. 4. Changes in numbers of native plant species as a function of changes
in the number of non-native plants species (comprised of neophytes plus
archaeophytes) in Countryside Survey plots between 1990 and 2007. Each
point represents a site (n = 479 sites). There was a significant positive re-
lationship (line ± 95% confidence interval) between changes in the diversity
of native and non-native species (y = −0.58 + 1.28x; R2 = 0.14; P < 0.0001).
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the new vegetation of many regions may not have become sat-
urated with species in the Holocene. The tendency for plant
introductions to increase regional diversity, even on oceanic is-
lands (which are also unlikely to be saturated) (27), and for biotic
exchanges to increase net diversity on geological timescales (42,
43) suggests that other regions may also be able to assimilate
large additional floras without (many) losses. We do not dispute
that major vegetation changes associated with invasive plants can
arise when new plant functional types arrive in regions that lack
them (e.g., 44, 45). However, we suggest they are not represen-
tative of changes over much of the Earth’s land surface.
If interspecific competition has been contributing to changes

to the composition of British plant communities in recent dec-
ades, then it is helpful to consider which species might be re-
sponsible. The largest absolute changes, in terms of numbers of
sites and cover, were in native, rather than non-native, species.
Summed across species, more than nine times as great a total
cover increase was achieved by all native species compared with
the increases by all non-native plants (combining neophytes
and archaeophytes). Native species also dominated abundance
changes in the subset of sites where native species diversity de-
clined. Thus, any competitive effects must predominantly have
been caused by species that are longstanding members of the
native flora, rather than by introduced plant species.
The lack of significant differences in abundance and distri-

bution trajectories of introduced and native plants, some in-
creasing and some decreasing, implies that factors other than
date of introduction have been more important determinants of
the fates of each species during the last few decades. Changes to
the abundances and frequencies of occurrence of plants in the
countryside, of which there are many, predominantly represent
species-specific responses to environmental drivers, such as ni-
trogen deposition, changed land management, and climate
change (46–49), rather than to invasion. We suggest, therefore,
that the prominence of non-native plants in lists of invasive
species is likely to be out of proportion to the real threat they
pose to other species.

Materials and Methods
Data Acquisition and Species Classification. Countryside Survey data were
downloaded from www.countrysidesurvey.org.uk (accessed August 27,
2014). The Countryside Survey comprises field surveys in 1 km2 sites in
England, Wales, and Scotland that were selected to provide a representative
sample of environmental types in Great Britain (49). Within each site, de-
tailed surveys of vegetation are carried out. We use data collected from the
large “main” quadrats (200 m2), which are randomly placed within each site
(50); the number of these quadrats per site averaged 4.81 ± 0.61 SD across
the two surveys (49). We use Countryside Survey data from sites visited in
both 1990 and 2007, which covers a sufficient period and number of repeat-

sampled sites (n = 479 sites) that we could calculate changes in vegetation
cover and species occurrence.

Species were classified as native (“natural” postglacial invasion), archae-
ophytes (introduced up to 1500), and neophytes (introduced after 1500) (35–
37, 51); 782 species, classified as native (n = 632 species), archaeophyte (n =
77 species), or neophyte (n = 73 species), were included in the analyses,
representing the species that were sufficiently widespread and abundant in
Britain to be recorded in the random Countryside Survey main quadrats. We
only considered higher plant species for which field recording was reliable
and consistent between periods. Therefore, we excluded from analysis
a further 248 other higher plant “species” because they were taxonomically
ambiguous, leading to identification issues for field workers, or if there was
ambiguity over the dates of arrival. Excluded species included genus-only
aggregates (n = 42); genus-only records (n = 163); sensu latu records (n = 14);
“native hybrids” (n = 4); “native aliens,” for which part of their Great Britain
range was through introduction (n = 13); and “alien hybrids” (n = 2). We
also excluded marine species (n = 2), for which the survey plots were not
appropriate; “alien casuals” (n = 8) that are not thought to be naturalized;
and two introduced species (Mahonia japonica and Chenopodium quinoa),
whose classifications as neophytes or archaeophytes were uncertain.

Data Analysis. The absolute changes in the frequency of occurrence (number
of 1 km2 sites) and in the percentage cover (per quadrat per site, including
zeros) of each species between 1990 and 2007 were calculated. When cal-
culating cover, we included only those species that were recorded in at least
10 sites in both survey years (n = 217 species). To calculate mean percentage
cover of each species (per quadrat per site) in 1990 and in 2007, we calcu-
lated the mean percentage cover per quadrat in each site (i.e., sum of per-
centage cover in a site divided by the number of quadrats in that site),
summed these values, and then divided by the total number of sites sur-
veyed in both years (n = 479 sites). We included the cover of the excluded
species (aggregates etc.; see Data Acquisition and Species Classification.) and
of bare ground as part of total cover in the denominator. Absolute changes
in the percentage cover and in the frequency of occurrence (number of sites)
of each species were calculated by taking the values in 1990 from the values
in 2007. Differences between native, archaeophyte, and neophyte species in
their percentage cover and in their frequency of occurrence were analyzed
using Kruskal-Wallis tests, given the nonnormality of the response variables.
Absolute change in the number of native species (max = 632) and the
number of non-native species (max = 150, comprised of archaeophytes plus
neophytes) recorded in each of the 479 sites between 1990 and 2007 was
calculated; a generalized linear model was used to investigate the re-
lationship between change in the diversity of native and of non-native
species, using a “TF” error distribution in the GAMLSS package in R. All
analysis was conducted using R (52).
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